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FOREWORD 

This interim technical report, covering the period April 1972 
to May 1973, was prepared by Owena-Illlnois, Incorporated, Fecker Sys- 
tems Division, Pittsburgh, Pennsylvania, under contract F30602-72-C- 
0192, Job Order Number 65270121, with Rome Air Development Center, 
Grlffiss Air Force Base, New York. The investigation is also partially 
sponsored by the Defense Advanced Reseach Project Agency under ARPA 

This report was numbered by Owens 111i...is F(4)-864-0A7-022-2251 
Investigator for the technology contained herelr -as Spiro Pappas. 

This report has been r viewed by the RADC Information Office (01) 
and is releasable to the National Technical Information Service. 

This technical report has been reviewed and is approved. 

APPROVED 

rrtrn .T. DP.fu FRED J. nrr-A 
Project I.ncinccr 

APPROVED: 

fmeiarT, POPL 
Assistant Chiefi 
Surveillance and 
Control   Division 

FOR THE  COMMANDER: «t 4*1 
CARLO P.   CROCKTTI 
Chief, Plans Office 
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ABSTRACT 

A Technical Report designated F (4)-864-047-022-2251 

fcADC-TR No. 1279) consisting of an Environmental 

Analysis in two parts, Random Solar Heat Pointing 

Error and Oil Bearing Heat Pointing Error and the 

Hydrostatic Bearings Design in tl.ree parts, Azimuth 

Axis Thrust Bearing, Azimuth Axis Radial Bearing 

and Elevation Axis Radial Bearing.  These subjects 

are critical design criteria for the Optical Radar 

Angle Tracking Mount. 
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SECTION I 

ENVIRONMENTAL ANALYSIS 

INTRODUCTION 

The following environrnGntal conditions, in which the Optical 
Radar Angle Tracking Mount must operate, are restated below 
(from PR No. A-l-1095, paragraph 3.6): 

Temperature - 

Operating: 
Non-Operating 

-20° F to + 100° F 
-35° F to + 140° F 

10  F change in a 60 minute period 

« 

Stability: 

Humidity - 

Operating or non-operating:   10 to 100: Rh with condensation 
duo to temperature chanqes. 

a. Authorization 

The following theoretical environmental analysis is in 
lieu of actual environmental testing and is included in 
this Technical Report by authorization of PR No. A-l-1095, 
Amendment #1, 21 December 1971, attachment #2. 

b. Scope 

Regarding overall temperature ranae or temperature changes 
in a relatively short period of time such as 2 or 4 hours 
maximum, only hot spots or non-uniformly heated (or cooled) 
areas are considered as contributions to the pointina error 
of the mount.  Uniform heating (or cooling) regardless of 
rate of temperature change causes no calcuable distortions 
or alignment alterations since material selections are 
coi, oatible throughout the instrument. 

Non-uniform heating does, however, exist and manifests 
itself in two distinct modes:  first, externally from 
random solar heating, and second, internally from oil 
bearing heat.  Both are discussed herein in paragraphs 1.2 
and 1.3, respectively. 

Regarding relative humidity or condensation resulting from 
coincident temperature and humidity conditions, all exposed 
surfaces of the entire mount are painted, plated or protected 
in some way such that condensation will cause no detrimental 
effect, with one exception, that being the ele-'ation mirror 
surface.  Any contamination that may fall upon the mirror 
surface while it is wet will be left behind when the water 
dries, leaving a film which can reduce the reflectivity of 
the mirror.  Periodic surface cleaning can correct this 
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problem, or some steps can be taken to prevent the problem. 
First, always store the elevation mirror, when not in use, 
at either 0  or 180  of Elevation Anyle.  This will put the 
plane of the mirror vertical.  Second, during climatic periods 
of high hum.rdity and low temperature, warm the ambient air 
inside the dome and, if possible, refrain from use in order 
to keep the dome closed. 

2.  RANDOM SOLAR HEAT POINTING ERROR 

When the coelostat is operating 
open, the radiant energy of the 
entire instrument.  The solar ra 
areas and even move across these 
Most of the areas are either mas 
absorb  significant quantities o 
error contribution even when the 
temperature increase.  One area 
the vertical support column ^'or 
in column length results to p od 
error by altering the orthogonal 
vation and azimuth axes. 

on a sunny day with the dome doors 
sun will not uniformly bathe the 
diatdon will fall on different 
areas when the mount is movinq. 

sive and squire much time to 
f heat c   ould not create an 
ir dinensiona become altered by a 
is critical however, that beinq 
the elevation axis.  An increase 
uce a non-systematic pointing 
ity (90  anqle) between the ele- 

Referring to Appendix A, the followinq values can be concluded; 

a) that the temperature rise in the support column can be 8° F. 
b) that the elongation of the column due to this 8° F change 

can be .00192 inches. 
c) that the resultant orthogonal angle can vary by 27.4 x 106 

rad (5.66 arc seconds). 
that these changes can take place in 42 minutes, 
finally, that the additional orthogonality error can not 
be tolerated and must bo eliminated or reduced to an 
insignificant value. 

Solar Radiation Shield 

d) 
e) 

Insulation can be applied to shield the  outboard elevation 
support column from the radiant energy of the sun. 

The shield consists o 
the four sides of the 
solar radiation. The 
is lined with a sheet 
radiation. The mylar 
ethylene foam of whic 
ethylene also acts to 
by the aluminized sur 
approximately 90 - 95 

f a protective enclosure, which shields 
column which may be exposed to 
exposed outside surface of the enclosure 
of aluminized mylar to reflect solar 
is bonded to a wall of rigid poly- 

h the enclosure is fabricated.  The poly- 
retard any heat that is not reflected 

face.  The aluminized surface reflects 
% of the incident solar radiation. 

  ,^*MaMiaH 
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In mounting the enclosure into position, a 2-inch air 
gap is provided between the enclosure  wall and the support 
column to promote convection.  This is a source of further 
heat removal.  It is expected that the combination of 
reflection, retardation, and convection will be 99.9% 
effective, thus eliminating the solar radiation effects on 
the orthogonality portion of pointing error. 

3.  OIL BEARING HEAT POINTING ERROR (See also Apnendix B) 

Heat in a hydrostatic bearing results primarily from hydraulic 
pressure energy which is converted directly into heat energy 
when a pressure drop occurs thru the compensating elements and 
the bearing pads.  No work is performed by this pressure irop 
so that the energy conversion into heat is virtually complete. 
This heat will be transferred to the rotor and stator of the 
bearing, and then, farther, transferred to the structure local 
to the bearing.  From this heat, dimensional chanqes will occur. 

At the azimuth oil bearing, dimensionax changes would be 
symmetrical both in radial and axial directions and thus cause 
no angular variations and therefore no pointing error contri- 
butions . 

At the elevation oil bearingi however, since the axis of the 
bearing (Elevation axis) is horizontal, a radial dimensional 
increase will move the bearing axis a distance ecmal to 1/2 
the total diametral change, which results to produce a non- 
systematic pointing error by altering the orthogonality 
(90  angle) between the elevation and azimuth axes. 

Referring to Appendix B, the following values can be concluded 

a)  Pointing Error  ^6 = 2.5 x 10-6 rad/0F. 

b) 

c) 

d) 

e) 

(or 0.56 arc sec/0F) 

Conservative maximum temperature variation 
T3-Ta - 2.40F. 

A realistic value for T3-Ta is 1.60F. 

The orthogonality can vary by +2.0 x 10 
(+.41 arc seconds). 

Finally, that the additional orthogonality error can 
be tolerated provided that the total system pointing 
error does not exceed the specification. 

-G rad 
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a.  Oil Cooler 

If the total system pointing e,-ror approaches the speci- 
fication value, some help can be offered through the 
use of a heat exchanger in the hydraulic supply system. 
This cooling unit could he installed in the oil return 
line at the location of the hydraulic power unit.  There 
are, however, several other natural conditions for heat 
exchange which preclude the use of the cooler 

l^MM ^^MMMM , 





^~*Fmmm ****> —»——«———illW^^W 

EXHIBIT   A 

THE   FRANKLIN   INSTITUTE 
J RESEARCH  LABORATORIES 

THE   BENJAMIN    FRANKIIN    PARKWAY      •      PHILADELPHIA,   PENNSYLVANIA    19103      •      TttOMONt   (2J5»   4481000 

MECHANICAL AND Nl'CLEAR K.SOINEERINC. DEI'AKTMENT 

August 16,  1972 

Uwens-Illinois Inc. 
Pecker Systens Div. 
4709 baum Blvd. 
Pittsburgh, Pa.    15213 

Attention:    fir.  Spiro Pappas 

Subject:        FIRL evaluation of Owens- 
hydrostatic bearings for 
mount. 

References:  1. 

2, 

Gentlemen: 

Illinois design approach of oil 
a 2-axir. optical radar trackinn 

C3134n-9-864 Owens-Illinois Purchase Order No. 
dated 8/10/72 

Engineering discussions held at Owens-Illinois Pecker 
Systems Div. Pittsburgh facility on August 14 I 15, 1072 

The purpose of this letter is to formalize the writer's evaluation of 
the Owens-Illinois oil-lubricated hydrostatic bearing design apnroach for 
application to a 2-Axis Optical Radar Trackino Mount, this evaluation was 
performed for Owens-Illinois (Ref. 1) during recently held discussions with 
cognizant 0-1 personnel at your facility (Ref. 2) 

Oil-lubricated hydrostatic bearings are to be applied to th« azimuth 
axis and to the elevation axis (inboard end only) of the sub.iect mount. 
The azimuth bearing consists of three bearing surfaces, namely, unoer and 
lower thrust surfaces and a radial bearing surface. All such bearinn sur- 
faces are of the multi-pad type. The number of pads used and their locations 
are such as to provide the necessary thrust, radial and moment load-carryino 
capability. The elevation axis bearing is also a multi-pad journal bearing 
as reguired for support of the radial load. 

The bearing analysis methods used are adeguate for the bearing concents 
employed. Hence, predictions of oil-film load-carrying capabilities, stiff- 
nesses, flows, pressures, etc., are valid. 

--— 



EXHIBIT A (Cont'd.) 

The subject application uses the capillary-compensated, constant pres- 
sure source type of lubricant supply distribution circuit. This tvpe of 
circuit minimizes the changes in bearing performance due to the broad ranqp 
of operating tenperature. 

The seemingly novel method of providing pressurized flow to the eleva- 
tion bearing (via a manifold incorporated within the azimuth radial bearinn) 
is a v/ell proven technique. In effect, a "hydraulic slip rinq" is realized 
that is similar in principle and in form to that used in various enaine 
crankshafts to supply pressurized oil from the rotatinn crankshaft to 
lubricate the oscillatinn connectinn rod wrist pin bearinns. 

The writer is in agreement with the desion modif n. ion to sunplv both 
bearings with ;he same value of supply pressure (230 psin). Thus, the maior 
pressure-drop in the elevation bearing will be across Its capillar" tube 
restricto : (230-35 = 195 psig). This i 111 result in about a fiO^. increase 
in elevation bearing oil-film stiffness (.nmpared to that realized with onlv 
a 70 psig supply pressure. 

The selection of oil-fiin; cleararces in the range of ^.002 to n.nn.? 
inch is within the right ranqc from the competing considerations of flows 
required, oil-film stiffnesses, and required hearim fabrication and instal- 
lation tolerances. 

In our evaluation of the design approach (in its current state of 
completeness) we would foresee a numb'1- of potential problem areas, namelv: 

§ Adequate and purposeful control of supply oil temperature to 
minimize deleterious thermal gradients within the mount. 

• The incorporation of as much lubricant drainage,as is nhysicallv 
possible in order to promote the free flow of return oil (hv 
gravity) back to the roservoir(s) v/ithout the build-up of excessive 
back pressures in the main discharge oil collecting cavities. 

• Matching of structural compliance characteristics of mating bearinn 
member support structures to insure against loss of bearinn oil-film 
performance due to compliance-induced misalignments of bearinn 
surfaces. 

All of these potential problem areas are recognized by 0-1 and are, therefore, 
being given careful consideration during the bearing design phase now underway. 

In summary then, on the basis of our limited evaluation it is our opinion 
that the 0-1 hydrostatic bearing design effort is proceedinq in the right 
direction and is backed-up with sufficiently realistic analysis methoHs and 
capabilities that are required to generate sufficient confidence that the 
final bearing design to be applied will provide adequate performance before 
said design is committed to hardware. 
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EXHIBIT  A     (Cont'd. ) 

-3- 

The FIRL is pleased to have been of service to Owens-Illinois,    '.'P 
shall  he pleased to provide additional  services if and as suhsenuently 
required during the course of completion of the bearinn desinn effort hy 
Ov;ens-Illinois. 

( 

Sincerely, 

/f/C  ^ii- 
H.  C.  Rippel 
Principal  Ennineer 

kas 

c:: Mr. G. J. Thompson 
Project Engineer 
Owens-11linois 

Mr. John Daker 
Purchasing Agent 
Owens-Illinois 
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a. Oil cooling received the fullest consideration in 
the final bearing designs but the decision for an 
oil cooler is still held in abeyance not because 
of any bearing performance characteristic,  but 
because of the possibility of the oil bearing heat 
pointing error contribution which is discussed in 
paragraph 1.3 of this report. 

b. Maximum possible drainage duccs, within space 
allowances, were provided, especially from the 
elevation bearings.  In addition, a vacuum scavenge 
system has been included to assist in the return oil 
flow and prevent oil seepage throuah the qaps between 
the rotor and stator of each bearing.  This vacuum 
scavenge system will cause a press' "i  differential 
across the oil bearing gaps of abot  l psi. 

c. Matching structural compliances wei .> improved in the 
following manner to ii .ure against loss of bearing 
oil-film performance due to compliance induced mis- 
alignments of bearing surfaces: 

Stiffened structure 
Stiffened rings 
Elevation housing wall thickness was increased 
O.D. of azimuth bearing supports were increased 

A7IMUTH AXIS THRUST BEARING (See also Aopendix C) 

] 

The azimuth axis thrust bearing provides t 
the total movinq mass of coelostat and lIs 
moment for the axis about a plane perpendi 
axis ("Rocking Moment"). The bearina cons 
spaced pairs of opposed locating pads (tot 
in a circle which has a mean radius of 26. 
pressure of 230 psi is applied through twe 
compensating tubes for regulation of oil f 
pads. The nominal preload clearance is 0. 
load produces an eccentricity of approxima 
Rocking moment stiffness exceeds 20 x 10 
more than adeauate. 

hrust support for 
o provides restraininq 
cular to the azimuth 
ists of twelve equally 
al of 24 pads) arranged 
88 inches.  An oil supply 
nty-four capillary 
low tc the individual 
0025 inches.  The applied 
tely 0.000675 inches, 
in-lbs/rad which is 

AZIMUTH AXIS RADIAL BEARING (See also Appendix D) 

The azimuth axis radial bearing is a journal bearing which restrains 
any lateral movement by the azimuth axis.  The bearing is 58.00 
inches in diameter and consists of twelve equally spaced pads pre- 
loaded against the journal to provide the required stiffness.  The 
supply pressure is 230 psi (as in the other two bearings) and is 
equally distributed to the pads by twelve capillary flow 
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Where: 

Q = Flow (in /sec) 
b = Sill width (ring circumference) 
L = Sill length (inch) 
h = Film thickness (gap) inch 
M = Viscosity (REYN) 
AP = Ps - Pa (PSI) 
Ps = Supply pressure (PSI) 
Pa - Ambient pressure (PSI) 

inch 

Ap = 230 PSI 
L  = 1.00 inch 
b = TT x (58.00) 
h = 0.0025_inch 
U  = 4 x 10   REYN 

182.2 inch 

Q = 
230 x 0.0025- x 182.2 

12 x -i x 10 x 1.0 

O  =  27.2 in /sec 

Flow Horsepower 

Hp = 
27.2 x 230 

6600 

Hp = 0.9 5 hp 

CAPILLARY COMPENSATION 

Compensating elements for hydrostatic bearings - flow restrictors 
between the oil supply pump and the bearing pads - have a 
definite effect on bearing performance.  Capillary compensation 
is used in this application because it offers several advantages. 
It is desirable to maintain the pressure ratio, pad stiffness and 
bearing eccentricity invariant with variations in bearing fluid 
viscosity (which will occur with variations in temperature) .  Only 
capillary compensation will provide this advantage.  This phenom- 
enon is particularly important in the elevation axis bearing whose 
axis is horizontal.  Changes in bearing eccentricity have a marked 
effect on orthogonality to the azimuth axis, and hence the accuracy 
or pointing error of the instrument. 

8.  SUMMARY 

Included  in Table  I   is  a  summary of parameters  for  the  three 
hydrostatic oil   bearings  and  the  oil  transfer   slot. 

in 
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APPENDIX   A 

RANDOM   SOLAR   HEAT   POINTING   rRRCR 
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 41 

SUBJECT 

BY DATE 
•. K. ItUOTT CO.. MM., r«.      UMon *•*••* 

PAGE 

LIÜ» j 





OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

*■ 

0.4 

0,^ 

0.H 

0/i 

et < 

0.2 

SUBJECT 

BY 

L.CAP   Di<>pL^ce.r^cMT    cuRvye"    FOR. 

2L   PAD      OPPOSE-p    B€AR\k\< 

Ä^ Apfs 
VS   £ 

F\G .1 

0.« 0.7. 0.3) o.M 

43 

DATL 
•    K. CLUOTT  CO..  i   .M .  P». PirORDF»   A I0«J 

BA£r 

poait  ■ io« 



OWENS-ILLINOIS                                                  |         _„.....__.   .^   „.^. 
FECKIR  SYSTEMS  DIVISION                  |       ENGINEERING DATA 

SE.Vtf?Avt-    lTrR.A-nOKa5w9.pe   DOKJC     TC    ARR»VJC    ATTHC 

F^AL-     OpT)tA\'i.BO      PAP     COKJFKUK/SkTiOki     A^M D     SuPPuV 

PRESSURE. CKiL-Y     Tv\e    F»Kl^l_    \-TnE^A"T\«»sl    15     ^KDV^M. 

APPLIEQ    LcAP      PE«    PAC, (^ 

p _   -SUPPoK-TED votiÄViT    -   S^.öoo 

17.                                     >"2- 

R= 32.5-0      tIS. 

PREL\f^\KJAPvy   eccEMTfOCrn    \i'ST»MAT^ 

"TR^ATJN3(S;    THE   BEAKlMtf      A^»    A     5PR.\KJ«i 

DlSPL(E<ldeKJTT?ICiTV>)  ß«  ^ 

^ _      32-^f? 

M^*iou 

€ •   ^.74 )c IO"1 |MCH 

ßeAKlMi   Ax/Al_     CUEARAhlce       C« 0.002 2" 

C           2.5X10-3 

^=   CZOiCt 0,1 

f?^F£T?iK4cä    XD xv*^   sTipFMess   cuRve   FOR   € = O.3 

cK. Ap rs 

44 

SUBJECT PAGE 

BY                                                        DATE 
t. K. CLLIOT- CO.. MM . PA.        KIOKnCR   «.Mtl 

üi 
FONM    I 10« 

- "     - -. - . 



OWENSILLINOIS 
FECKER   SYSTEMS   DIVISION I ENGINEERING DATA 

Flt-JAL.    PA.O    £OKiF»<iuRA"ncM 

i-\.00 

ARC A   or    PM: 

r  O. 60 

Y H.OD 

FßoM    REF.   Pt6i£H   MAKbOAc    S^f    R»^Peu 

= 3.^0 

45 

r^llRIECT                                                                                             
PAGE 

n^— DATE 

CSLift. MMN>*»*  «■» ^'M.   ■ 



I 

OWENS-ILLINOIS                                        "T 
FECKER   SYSTEMS   DIVISION                  |       ENGINEERING DATA 

SUPPLY    P^gs$ 

REMeMBeRit-tf,    -i^ n o^^\        FOR     ^- o.l 

oc-rm^Kiitot   <iu?pi,^    Pce<>S 

^f Ap-(0,H3X^6.7)  -- 3C1 |MV 

R «  SZS'D us 

pLl    3^^ 

Ps^ 20S f^i 

ALLOW    loy,,     5A.Fe-ry    MAR^IM 

USt    Ps=  230 PSJ 

ACTUA.L.   ECCCKITRVC^TW      AT      Ps -  Z3<; PM 

R                    32.£-o 
Ö.39 

^4APPS       (3t.r)(z3,o) 

REFERiNU    To   Twe    ^RAPw    )N    Fid;.\ 

£•  C.Z7 

6*^   ^ (^   z  (c.Z7)(o.ovZS) 

£ _ O. ooo (iTS*  IN» 

46 

SUBJECT PAGE 

BY                                                        DATE 
I   K. (LL10II CO.. MM., fk.       RIORDC*  A-MM* 

•MMi 

ro«M ■ ie« 
mmmtmm — -   - 



OWENSILLINOIS 
FECKER   SYSTEMS DIVISION ENGINEERING DATA 

RAD     P^feLCAP 

Pr   -    ^, S"© x Z3o 

Pr  -  MS   P-Sl 

W'> Af ApPr     8(J6.Z)(MS) 
< 

I^AP Fu^vyi 

XHC    Fl-CVJ TMffü    THE:    ^EARlKiÄ    pA P    uUEAR.AKJCE 

16   LAMtNiAR    HEM^e      iT    VAf?»E5     |KJv;tR5ELS   WITH    VlScC^tTV 

^L^x/  /3£-/? P.4^ Q'-^^^(i) 
HlMIMuM EAPEC-TEO    v«4.<^;5iTy     u. z Htio fe /?£:Y^ 

^ - *** 

^ = <?.7'/3 

p't -- //r P</ 

A    -   C. OCZZ  'M   (($  PR£l-oAO'NO CC<l£>JT^/6/Ty) 

4 --^o)^3)^)^^ 

6( * 1.3c i^/iec 
47 

| SUBJECT PAGI 

U, DATE 

I 

& 

i. K. ILLIOTT CO.. MN.. P».        ■fOHOI«   » »0«J 
POMM   I 10« 

—m ^-^mi^mm ■ ■ ' ■•- 



■•^PW>"^WP« 

OWENSILLINOIS 
FECKER   SYSTEMS   DIVISION I ENGINEERING DATA 

uCbO    fLO*J5 

G* (l - ^ c^ro. 6*)    ( /i'j 

&' {^^^{izfy 

^USidRiPTt 

\   -  UPPER      -AO 

Z - UO^fR      PAD 

\ 

o,s -hi 

.^^ 

fl(   -   |. -iHZ   y   Mo 

SUBJECT 

BY 

4 8 

DATE 

PAGE 

•   «   CLLIOTT CO.. MH..  r» REOKDrit   «->0«3 

- 

ro*tt   f)o« 

a^^MK. ■ • ■"-—^"^ . 



■P mg*m!mm^^** ——»———^^—•—^i^P«^»' 

OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

Gv       i\-c,i.i)l(2) 

0' [(|-Ö.Z7V(0 ^-l] 

&±   %  0.118 

Q' .30^ 
^   CSC 

TCTAL.    BEARlMtf    F\-OW   - IM PADS   (ll   ^PPtK   AMD   |"2.    L.Ov^JCTf,) 

6^r =   2^. ft .^V^cc-     (7,-7^. 4 PM) 

FLOW     HOR^CPoWbR 

Mp • \-oH- Up 

_M0_TE_:   THE  AScvC:   Fi-ov^S    ARE    BAsgO    OisJ TMC   MIKJIMU^ 

VIS^^SITV      0^    Tne    SETAÄiKlä,     Fuoic?.  DUR|M6    ^ox_0 

weAT^ER    CPtR^T\OKJ   (MOV. 15 - APP(\>_ 3o) T^t 6PFRAT>OKiAu 

FUho W'i_L_   BE  MlU-H-S-fe06B ( Hur^ßuE   UNiV\"5>    THl). 

49 
SUBJECT 

BY DATE 
I. K. ILUOTT CO.. NN.. m        itononi  « 10«1 

mam 

PACE 

——  ■■ 



-"——-■'•^^WWWi  -   i^~*^mmmmmmim^ 

OWENSILLINOIS 
FECKER   SYSTEMS   DIVISION I ENGINEERING DATA 

TpAKiSMi^ioM   FLUID   (EKXO/J   &LiDt   OH ZQUIVAL&JT). 

THC   Tv/0    ri_U(C76- druD   AHD   v^A^N WCATMCR—   APE 

PETRoL.feUM   BASEpANJO    Af?e     ^-oMPKTTAßUE -   Mo^EVCR, 

[XJi7isi<5    ^HAM<SC: Ov'ER    THE      SV^TtM   "SM-cuuD    BEI 

ORAiMEO      A^)   V^ELU.      A3       T^cSitöUE     p-F««B      ADD»M<S 

l V4L      NCv\j     FUVJtD«   T*-'\S     NA//UU      PHKVeMT     TUE 

^cC^^ATlOKi      OP     A   TH»*P      TUOID , WHl^H     v/JIUL    B C 

A    M»VTL/Ä^      AHP      WHC?SC      v1<.<l-oS\TV     ^HAf^A^-TER.! STtCi 

v-luu    BE.    DouETrrut,, IDEAU-V   WO  MARIKTICM   IM 

V»6CO^ITV     SHCüt-D      öc^c/R..   |REAM6Ti<lAuuv/ ,   l+^vuC^fÄ, 

IT       »4       ^E'*)! REABi_E     To      MAlKlTAtM      TR^: 

V\^CO5ITV     r^ THE      ri_oicp      f^ET^oG^o    THE     U^WNITS 

C^      4 y i c* ••    TO   2 «. y i o'4, REVM ( 37   TOZOO   CENJTI STT3t*e:s} 

50 

SUBJECT 

BY DATE 

PARE 

1. «   CLLIOTI CO.. MM., f» monoi»   «-SMS 
F0«M     f 10« 

MM 



F'- •'   i"" 'i mmt^^m^^^^mm^m^^^* lull m^^^^r^ .   .    .-.—,       .    ,.      .,,.    M       ,,,.., -^-^ 

OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION I ENGINEERING DATA 

£HCC-<   F^NAL-    BeARlKi<i    5T\FFSJeSS 

rrrirFNE<kS    OF    ChlE"     OPpCiEP    PAi\R    OF    PADS^   |<o , 

Ifl     E^?\JNL-     Tb    THE      6urv\     OF     TV-VE      STiFThJeüeS 

cf^    TW«       opposiKi«:   PADS. 

K0-- 5, ^S«. 

Si - ^TiFPNESi    cF   up per?,    PA n 

^»^^   ST^FFKCi-i    OF     L^oWeK.     P^D 

A) 

W     /3   j   AMD i^     MU^T    BE     DE-TET^MiMeD 

F»uM   THIC_V-KJG«5 

c-- £C 

€-- 0.Z1 

C -   O.ODZ'Z 

€= (O.-LI) ^o, oozs") ^ ö.ooot7r 

V\x-   O.OOT-Z  4-   Ö.OOCfcl^   =   0.003175" 

V\v-  O.OoZS" -  O. OOo GTS"  -  O.Oe iSiS" 

11 
SUBJECT 

BY DATE 
■. K. ItUOTT CO.. PCM.. P/L       UOSOM  A-Mtl 

MM UHHM ••   ■ IM 

PAGE 

Ai 





<    < ^mi^mm^*~~***^^'^**m>**ii ■ ■■■ '       '■ ■' '       ' 1 l"ll      I II WW-Wi^F^^—^ 

OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION T ENGINEERING DATA 

I 

STJF^NE'SS     ^,- (WA.) 

S,- 

^0=   ^^ 

■  ll^ )CI0U  -s- Z.lg, XJO*-   LB/, 

Ko - H.^l y 10  i-ß//Nj 

M 

MAR<:ih4     of     SAFeT/ 

^ . K0-Kog  m  H.Si-3.^   = 02t 

<.C58 3-^8 

W\ -  2L 4 % 

SUBJECT 

BY 

53 

DATE 

PAGE 

riti 

1. K. IUI0TT CO.. MM., r*.       RI0*0l* «.MM ronm   ■ lot 
■UMMMMIIH -- .... . . -_       



immmimmf ""•     • ^mmmm^m 

OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

&i3Hafi QP    ^-APi^LARV    Rg-aT^\ crc? «<, 

EQUATE"     P/vo    FUOVJ   TO    <c-ft.piu»>ARV   Fuow 

^m   «   ^Pr H_=   ^dc   (ft-jV) 
r 

/       P 

^5 

A. 

<4c    .  /©^ 

J(4 /-ar, ^f)(o.-w)M(o.cu4 

114 K / o -V 

0 £>*-><£       STAhJOftXp     TUBtNC 

y ^^ x/o -« /ö'a 

^c=  ^tlll^. 
SUBJECT 

BY DATE 
• i  iLiion co , ran , r».     ■io«D<a O-IMI 

At   •   Ö.05"4 ii 

FOIIM    I 10« 

PAffE 

---■•■   -  -  -    .    .    , 



mmmmmmnww*«   "■ ■  ■■ *    "•>>     i n i um   ■     ■■ 

OWENSILLINOIS 
FECKER   SYSTEMS   DIVISION 

ENGINEERING DATA 

CHECK!   MA>0*aM    RCVMOua     Nof^STR 

Qt^K*.      OCCUtlS    AT      Y^-   4/10°   R^VM 

r- 

NU-   ^^o        </     2.OO0 ÖK 

55 

SUFtJECT 

BY DATE 
■. K. ILIiOtT CO.. MM . P».       «fOKOn  «.tM* rONM    I 10« 

mm 

PA^E 





•• ■" •'       ■■ 

OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

PAP5.    THE    BET^MC    |5     re.oo   |KJCHe5   IKJ   Dl^l^VTV^ 

AHD    PROVIDES    LATERAL    RErs-rKAiM-r   op    T**    A^.MuTH 

Ax» 5     so   THAx    KJO     ec^EVJTR,C|-ry    or   -rwe   A*c<s 

OAM    OCdUR- 

BCARu^CPAO    ARRAKi^E^tNiT 

PAD     STlFPNiESS ^i--^t."%-S^^S 

RfeÖOiRED    6EARik)ö   LATERAL   STl^F^CSS       1<T "   GXIO^LB/l Ki 

r- 

MÜ 

57 

SUBJECT 

BY DATE 
i.  K. CLklOTT CO.. MM.,  P*.        RIOaDt*   «•*•#* 

PACE 

rontt  i io« 
MM 





i^m^mm^mmmm 

m 

OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

f?AO)M_     PAD   PFTFR<v\iMA-noKJ 

/5 =   PRE-SSuRe      RATIO 

p^ =   Suppu-y    P<?G^uRe (pit) 

5=   PAP    STITFKJCSS  (L.9/\tS) 

W= RAO    LOAD  C.\~e>) 

K-FlLKl   Tkl^^NCsS   (iM<:»A^ 

C= RADIAL    cuEARANdET (t^cv4) 

f^- = \/>Sco S\TV (REVN») 

Ap   ■    PAD     A^RETA (IM^ 

Ä / -    PAD     AREA     clx;t=FFICies)x 

Q - PAD   ruow ( IMV^E.^.) 

^- ^   =   &C-£.€rKrrRiciTV    RATjo 

<Jr - CAPluu ARV    -TUBE     DIAfACTEK  (IM) 

^ - dAPi^ A-RV     TLTac    UCMCXH (IM) 

NOTES (0 ALL. Pßi^ep SVMBOLS(  y PCNIOTE- PRELOAD   coMotT-ioM 

HVDRD^TAT^   BEARltsitf    DESK"»^"    6V   HARRV    RlPPE'U 

OP     PRAMV:ui^    \MSTIT\JTE.. 

59 

SUBJECT 

BY 
SK. (LUOTT CO.. ft»., m. 

DATE 

PAGE 

mm no» 



iWWMi.iu.il in IHM wmT~m^mm**~** «■ ■ 

♦   ». 

OWENS-ILLINOIS                                            T 
FECKER  SYSTEMS  DIVISION                 |       ENGINEERING DATA 

■SlS^E      MO    «SRL-^.bte.    Tv^AhA    MC<U*l«t€     ECfiBKlT Rld-ITV      WIUU 

t^ET?.   Bt    KFAUitcro     By    THE-   ^üOäMAU     rMLV    TH E" 

PRGUOAO     CC^D>TiOM-S     MEXO    ^E     COKi'S t De: ^e~p. 

USiM^     CAPILLARV   (ic^Pe>vJ5AT)oM 

S'-  3W    Z,.^) 
K' 

W = $ K. 
3(1-/«') 

U z C- O.oozs: IKJ 

5 -    ^ X /0^   Lß/,Ki 

AMD  Ü6lh*6     /&' '    (5, 3 

VC/'« (i*/o'')(o-oc-Lf) 

Z (l-o.z) 

Vt/'x //92 i-6 

60 

SUBJECT PAGE 

BY                                                       DATE 
1.  K.  ELLIOTT  CO     »AH     PI         RtOIID»   «SO«) 

rOKM    I 10« 

-     --- — -  



HW^"—"-"^w"^^^ I« -■"-"" I    H" 

OWENS-ILLINOIS 
FECKER   SYSTEMS  DIVISION 

ENGINEERING DATA 

U5|Ni<     CoMVCKJ>£>4-r    PA.P    OOMF'^ORATIOM 

X 

PAP    AReA 

AD* X7,O   IKIV 

W'*A^ApPr - ^Ap /3'p$ 

U6iKl<S     AVA\v_A6uG.     SupPu-/      P^E^5     Ps^Z3,o^i 

^. W A 

PAD AREA   CtETFI^iENT 

DETE^f^lMg    IMS^E     DIMEKS-S IOKJ5       X   ANIO ^ 

V        3.00 
=   3.0 

61 

SUBJECT 

 DATE 
COM rtM.. »».      (««MM  ».10M 

PAGE 

.^■^M .MMM^ 
rONM    I 10« 



{OWENS.ILLINOIS 
FECKER   SYSTEMS   DIVISION 1      ENGINEERING DATA 

^■RoM     REF.    Dfc<,»<.rJ     MAMOUA.U e>N    «\PP&.U 

^ ^,^(i.0o) 

^L -  1.^7-   »N 

v/-3 =X-x 

y-- X-(V^)-- ^.P O- (3.CC- \.3Z.) 

X» 7.^1. >M 

SlUL     VÜI OTH    |_ - V-lV     =   "2 

L »   Ö.8H IM • 

FlIOA^U   PAD COM Pi <;vJi?AvT»OKj 

i—i              732 
^ 

,—- S\\_u 

^r r 
.00 c.w 'mmm            0 

"1   3 
1.3X 

(jv^ 

1 

62 • 

1 SUBJECT PAKE 

| BY                                                          DATE 
t. (. tLHOTI CO    MM    ft        men»»   < >M> 

ro*M   t io« 



OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

PA P      g UQW 

THE     PAD     ^UOVC/   THRU    Tf<TL;      BE^Ri^ici     pfi.O     CLO^AU^E" 

FROM    RtF.   Ü>G<.1<aNi   MAt^UAU     ßv/     RAPPEL. 

^ 

«-? 
.3 

\U 
^   Ap h 

MlW\N\0M     EXPECTETD     Vl^CoCiTV        iA 

^     c    0.0O2-S 

Ap=  27.t7 iwv 

Q1«   O.S'/  IN^/Stc 

-   MXID'U RCVM 

63 

SUBJECT 

BY DATE 

PACE 

t. (. ILUOTT CO.. MN.. fk.       RIOaDt*   A-M«! 

■Mi^aiaiHMaaMBai -    - ■   -■ 

FORM    ■ 10« 



OWENS-ILLINOIS 
FECKER   SYSTEMS  DIVISION T ENGINEERING DATA 

TCTAi—    FI-C3W  - \Z.   PA,05 

PLOW   HO'KAePDvue.p' 

?       T^T ^ =0.214 U (* to 0 r 

EC\JA<TC"       P^D      FLOW    TÜ        (iAP(i-*-ARV     F1-0W 

k *    r   ——7^ 

VJH-E^F       dt-    <1APIL.UAR7    TUBE    C^fAETTK 

64 
SUBJECT 

BY DATE 
1.  K. CLUOTT CO., MM., f».        MOMt*   «-*M« 

■Mi 
roNM   110« 

PARE 

in 1*1. ■ 



OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION 

je» 

Je 

ENGINEERING DATA 

.3 

'feX^MH^..)' 
- r/. 5*10 0 

U£lhi<i        £T7\/^DA/RD     71/a//0<        ^   z     O.Oif 

u.Ä /S'öX/O 
f 

^ AP|i_i_AK.v ^c -   2.^/  Wen 

^HE^K  MAXIMUM   RgVMflWpS   MuMßEK 

NR - 4>« %^.\xio tc.s\ 
T(b.0'SS,)(«4ino'*) 

N^  » HIT      ^    Zcor ÖK 

65 

SUBJECT 

BY DATE 
■   K. tLLIOTT CO.. MN.. P»        »loilpr«   «.|M1 

FORM     I 10« 

--    -- 

PACE 





OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

^CARiNi^     VOW\<i-H      ^UPPotZ-TS   TH-E    EL_erv/ATloM   Avis    ATTHE 

IM^O^KD      UC^^T-ICV^     SO   THA'T    \Ti      A*\r>     \-i    Ht3R i'ioKn-Au. 

THC    C>eARtM<a     CoKi-S^Ti    ö?=    Ä   "ETOOALJ-W    <iPA.c,Ei> 

HVDßoSTAT-^     PAP^      WKldM     A«t     PCTEUJO^OCD    TD 

PRCVtDE     A    RADIAL     5-ri^FMei5      CF    AP^ß^ X| MATCU-/ 

r.S'XlO*'   LB/^.  TKt^     »5     SOMEWHAT     <S5?EA.TrR    THANi 

THH     RITÖUJRCO     STiFFlS ESS    äF       S.OXlO4    ÜB/|M 

POE     PÄiMAR>u-y     Tu    SMAUL.ER    TOURKAU    EC^iETvi-rR.\c »TV / 

NMHii.H     \^    U-S^P     PoR      -REATET^       ^TAB^UIT^. 

CAP\ui_A^y     RESXRi C-T^R^    ARE.     Ü-SED     A5   "TME     FUoW 

CCf^PE"N^AT>^ «S    euEV^ev-iTS     5o    THAT      PROPER 

ruUiD      PlSTRIB^X>C*vi     TO     EXCM       PAP     \S     A^SURtTI?. 

OME    (lAP)l-UARV      ReS~n5\^-TT)fC     FOlt    EACH      PAD     |5    USED- 

ÖEARiNtf    JD\N^\ETER.   15     i'S'.OÖiN. 

67 

SUBJECT 

BY DATE 

PAß« 

■. K. CLUOTT CO.. pax.. P»        «lonor»  A-IM* ronM   t io« 

^^ 
mmmm 



OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

8   PAD      ^rouRM^u     E.^^Ki<i 

RE:ptK?eM£e   PAD    \S   it\ PAO 

£3-90* 

ös--1800 

&, -- 27o 

CO^ ©4= - c.ioi 

Co*> (öj-- -i.o 

Co«.  ^fc= -o.7ü7 

co<> 67- Ö 

COS  ÖS* 0.1 Dl 

SUBJECT 

BY DATE 
1. C. ILUOTT CO.. MM.. »* «fO»DI»   «  50«> 

68 

ro«M   r io« 

PAGE 

■cMMMMaa iif  ii.aMim k^M 



OWENSILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

P5 =    SUPPu^     PP-E.S-.ORe (p6l^ 

^= isiD>v»DuAa_ PAD   s-nFf K>E"5i (i-a/m) 

W -   PAD    UCAD 

K   =     PlLM   THl^KNesi   (»M) 

6«   EccE'MTRtc^-rv   (VK") 

Ap= PAD    AREA (l^V) 

Äi» PAD    AR-EA     i:oHFFlc\el-»X 

(X  = PAP    F»-ow   (iM^/Sc<i.") 

fa* PAC7     FL-OW     ^OCT-F^IEf^T 

dcr    ^APluLAR-/    TUße-      DiAMETfi« (iKi) 

^c : ^APiLUARV    "lV%e     LEK^STH (\N) 

M0Te^(0AL\-    Pt^ED     SVfv\0ci_'5( ')  DESloTf     PAP    PRCTLOAD CcroDiTioM 

(^REPCKJCE   DESI^KJ    r^ANJUAU   \S   "£A*.T    BROKiiE 

HVOR-O STATIK     BGARiKkS     De5\aM"   BN   HARRV     RiPPEL. 

6 9 

SUBJECT 

BY DATE 
1.  K. (LUOTT CO.. f«H.. P» MOMC«   «-(Ml 

PAßC 

I 

rOMM    I 10« J 





OWENS-ILLINOIS 
FECKER   SYSTEMS  DIVISION ENGINEERING DATA 

FOR €^ o.\ 

K 
^|Af?4 

*    ÖAICS I ^        ZJonol)    __ _       Z^.-707) i -i 
(l-O.l)Vö.nC (\-o,oiol)\ 0.17t,     (|,oi07)V0.174."  (TO^ZttlT« 

R 
^.ApP 

« ö.i^ 
+ ApT. 

FOR      ^=  C.?. 

g 
A^ApPs 

- o.n^s 
Z-lCTol) 

(j-0.l)V(J(|T6        (l--Hl)Vo |T< 
Z{g."707) | 

R 
^^ AP ft 

Fcfl    t-Ch 

- o,^\ 

R 

^AP APPS 
■ o.nt^ V 1(2^50 2(0.10-7) 1 

(i-o^)-»-o.nfc    (i-o,a»z.)Vo.n&    (|.ii2,)Vo.n4   y.i)Vo.n4 

a.ApP 
^ 0.^1^ 

+«f 

71 
SUBJECT 

BY DATE 

PARE 

■ . K. U.UOTT CO.. MN.. P».      RtMOfll «-MM ronm  t tot 
-■ - 



OWENS-ILLINOIS 
PECKER   SYSTEMS   DIVISION ENGINEERING DATA 

VcW    £ - CM 

R i 
^Ap?^ 

2 10.1 on - !L(£il£2) 
(i-.H^i-o.n«.      (l-.l&3)Vo.n<i      (l.zi»3)^^o.i7fe    ' (i.a)^-f o,i7c0 

R 
Ä^ApPs 

- CTifi 

0.6^ 

g  PAD       XCUKMAi.   B^ARlN^ 
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o.? 

1. R. tLLIOTT CO..  KiH     f» RtORDtR   A-M«J 

MM 

FOKM    t 10« 



OWENS-ILLINOIS 
FECKER   SYSTEMS  DIVISION ENGINEERING DATA 

FOR    fiRE-A.Tce     ST*.B.U»-rv      USE     AN    EC-tcEN TRictlTV    OP 

APPßox^ATELS ^_        - 

R « ZTooo LB 

AND      RAP/AL    ÜLE^RAM^E 

f = ^^1 = Ö.3X 6.003 

S-S. bcoc 
Ö.ÖOO4? 

S ft» 5'.S'//o4
Lß//M 

si^e:   PADS FOR AOOVG ^HARA^TH^ISTICJ 

■fog   ^ = 0.3 
R 

a^ApP* 
-   ö,S-i3 

^^^"^Tß) 

No^^\AL   0Pr«ÄTtM4     rZtiSvKE      ?s--2.SoPs 

SUBJECT 

BY 
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DATE 
•• «. fuioTT co., r«M.. rk.     MIOIM« *.«M* 

PAOE 

roftM   t10« 

■■■II Will 



OWENS-ILLINOIS 
PECKER   SYSTEMS   DIVISION I ENGINEERING DATA 

■ 

*   K Scco 
1      r       ß.b\3x'Z.30 

^A^- 4l.M  IN 

AVAlt.A.e>uE     PAD     WIDTH      Y-   M. TO   IN 

>/»H.^o 

5JLU 

THEKi    X- \5,SD IM 

PAD  ARE:^    Ap-X 7 = ^•SOKH.S'D 

Ap- 6o,a lH 

1     A?      6o'^ 

^- 
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SUBJECT 

BY DATE 

PARE 

1. K. CLUOTT CO    P«M    PA.        ■tORDn  «-SMI 
FONM    E 10« 



OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION 

ENGINEERING DATA 

FROKl   RETP-   -pe-SiGM.   MANUAL ^v     W>K\PpCU 

X- M.'SS 

SlUL,   s^ICTTH     U 

COM P\<Su POTION 

X "2. 7. 

U =  1.04 IM 

B.So 

IM6 

1.04 

l.tfc 

2.38 

-i 
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SUBJECT 

BY DATE 
t. K. ILUOTT CO.. f«N.. P*.       moHDf«  «.»Mt rOMM    I 10« 

■a 

PAßE 

■■'— --   !      IMMM^IH—i^»^II^Mrri^Mfc JhiiiiJ 



1 
OWENS-ILLINOIS 
FECKEt   SYSTEMS  DIVISION ENGINEERING DATA 

PAP  p^euoAP 

p4s i3o  P3\ 

PA D   PRE-LOAP   FUOW     (i.e. fi K-c) 

4o* JL ^ 3.0 
y 

* O.S'S 

u ~ 3.f 0 

'        '3 
Q*1<T:± P     K 

'•0 Anyio4- 
ö. s.W^VaÄßr 

Ä'- 0. ffziH^iec 

SUBJECT 

•Y 

76 

DATE 
■   K. IkLIOTT CO.. MH.. PA.        IIOlOIR  «W«} 

         J_^_J^. 

PACE 

fOMM    ( 10« 

^ 11 ■ IM iiam ^^M 







wim^mmmm^^         

OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

% 

PAD    FLOVk4S 

PAD    ^S 

Qs   _   L.Ulil + Q.l) G.<ffl(l.l1'Z) 
- I.IO 

PAD  # t 

PAD #7 

PAD   #-   6 

At > äY = ö.S"«? 

^T • ^s   Ö.S'Sl. 

Q$*(h.*0,477 ,v3/s£Ci 

TCTVc   FL-OwJ   -At-L    PAP^ 

6T • 3.^t8   tMV'Sec  (c.9Sf6pn) 

+ O.LOU 

FLOW   *-K)rt5E PCVOCU. 

I4p8   3.(,6,6)<.Z3o 
0,00 

Ü .iz.g Kp 
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SUBJECT 

BY DATE 
■. K. IlUOTT CO.. P«H.. P».       MMMr  A-IMI 

MMBBBMBMUMHHiaMI 
ro«M  ■ io« 

PARC 









**mmm.immmmmmm^*mm F-^-——p»—»^p——- '■     -■■" »     l...    !■       I»     .1   1 ———-—- 

I 

OWENS-ILLINOIS 
FECKER   SYSTEMS   DIVISION ENGINEERING DATA 

cute*. M^OO*\üM   Re^Kjcuo6 MU*I66-R. 

fVl^XlMONN     Fue*»J      CCCvZS    AT    PAP   «* S" 

Td«. r 
»4 

Mo- Ü 2L3!Ll^£lji O't>o<» 'R 
IT (o.oiS-) (HXJ^4^ 

Nä«   ^^ ^  2o oc 

83 

SUBJECT 

BY DATE 
■   K. ILLIOTT CO.. MM., f» ■fO«0I«   «-»M* 

okr 

PONM    ( lOi 

PArE 

■ ■ami !■■! 


